(A. parasiticus) through a polyketide pathway produce aflatoxin species as difuranocoumarin derivatives. In addition, it is known that aflatoxin species have polycyclic structure. G series aflatoxins are six-membered lactones and B series aflatoxins are pentanone derivatives [6, 7] .
Eighteen different types of aflatoxin species have been identified. Aflatoxin B1, B2, G1, G2 and M1 are the major species. AFB1 and AFB2 are produced by fungal species belonging to Aspergillus flavus while AFG1 and AFG2 as well as AFB1 and AFB2 are produced by A. Parasiticus. Categorization of the aflatoxin species can be done according to the characteristics of the aflatoxin species. For example, aflatoxins are divided into the sub-groups such as aflatoxin B 1 and B 2 (AFB 1 , AFB 2 ) (blue color), and G 1 and G 2 (AFG 1 , AFG 2 ) (green color) based upon their fluorescence colors [8] [9] [10] .
Aflatoxin species and health
Among mycotoxins, aflatoxin has become the most serious species since it negatively affects not only the economy but also the human health [11] [12] [13] . Foodstuffs can be contaminated by aflatoxin while foods are growing, being harvested and finally stored [14] . Aflatoxin species are highly dangerous compounds for both human being and animals. They are highly toxic, carcinogenic, mutagenic and teratogenic compounds. Among types, AFB1 occurs mostly in food samples and it was found that it is the most effective natural carcinogen and toxic material [13, [15] [16] [17] [18] [19] [20] . In addition to several studies proving the fact that AFB1 is a potent carcinogen, International Agency for Research on Cancer (IARC) classified AFB1 as a Group 1 human carcinogen [13, [21] [22] [23] .
AFB1 is metabolically transformed to the hydroxylated form (also called called AFM1) which is found in milk and milk products of the animal that ingests aflatoxin contaminated feeds [24] . Hence, milk and milk products are the indirect source of aflatoxin [25] . Like AFB1, category of AFM1 was changed from Group 2B to Group 1 by IARC in 2002 in terms of toxic and carcinogenic effects [19, 26] . However, AFB1 has more mutagenic potency than AFM1 [19, 27] .
Studies on animal have proved that exposure to aflatoxin can seriously affect growth and development [28] . Furthermore, experiments on poultry birds showed that acute or chronic aflatoxicosis causes lower meat/egg production, immunosupression and hepatotoxicosis [29] [30] [31] . When poultry birds are fed with foods contaminated with aflatoxin, residues of aflatoxin are found in their liver and muscle tissues [32] . Concentration of the aflatoxin residue depends on many factors such as dietary aflatoxin level, duration of exposure and age [33] . Among poultry birds, turkey is mostly affected by AFB1 [29, 34] . In 1960s, many of the poultries died throughout Europe due to aflatoxicosis. This was called as "Turkey X Disease" [35] .
Another study verified the adverse effects of aflatoxin. According to Edrington et al. AFB1 adversely affects the development and increases the mortality in chicken embryos [36] . Aflatoxicosis can cause various adverse effects depending on the exposure level for human being. High doses result in rapid death while hepatocellular carcinoma (HCC) develops as a chronic outcome. Synergic effect of AFB1 with hepatitis B or C viral infections can cause a HCC. HCC causes a liver cancer and it was found that the liver is the main target organ of AFB1 [37, 38] . HCC is the most common cancer in many parts of sub-Saharan Africa, Southeast Asia and China. In these countries, up to 10% of adult male deaths are related with HCC [39] . Moreover, impaired growth of children can be the adverse health effects of aflatoxicosis. Slow growth of children was observed when foods with high amount of aflatoxin are taken by baby after breast milk nutrition [40] . Mother's metabolism limits the transfer of dietary aflatoxins into the milk. Aflatoxin exposure of the babies can be measured by aflatoxin-albumin (AF-alb) adduct found in blood. Aflatoxin binds covalently to albumin and this adduct can be used as a biomarker. According to Wild et al. study; AF-alb adduct have been reported in cord blood samples of pregnant Gambian women. This is explained by the lipophilic nature of aflatoxins. They can easily cross the placental barrier [41] . One other adverse effect of aflatoxin is on immune system for human [42] . There are two studies proving the negative effects of aflatoxin on immune system [43, 44] . According to these studies, aflatoxin species show immunosuppressive effects due to inhibition of DNA, RNA and protein synthesis through different mechanisms. In these studies, aflatoxin B1-albumin adducts in blood is used as a biomarker, Turner et al. conducted the study on Gambian children exposed to aflatoxin and investigated their antibody responses. They found that secretory immunoglobulin A (sIgA) levels in the saliva of children with aflatoxin exposure significantly reduced [43] . The role of sIgA is to bind to bacterial and viral surface antigens and forms the part of mucosal barrier in saliva, breast milk, tears and mucus of the bronchial, genitor-urinary and digestive tracts. Hence, decrease in the levels of sIgA causes lower intestinal resistance to bacteria. Occurrence of other types of mycotoxins such as ochratoxins and fumonisin can cause synergic affect with AFB1 on the immune system [43, [45] [46] [47] [48] In addition, safe limits were determined for AFM1 in milk and dairy products. These limits for some countries are given in Table 2 . In developing countries such as Kenya, Mozambique, Democratic Republic of Congo (DRC) and India, aflatoxin problems are more serious than the developed countries. Climatic conditions (high temperature and humidity), insufficient transportation, marketing and storage practices are the main reasons [4, 23, 68] . According to Stora, DRC is found in the African countries list with high risk of liver cancer resulted from aflatoxicosis [69] .
Unfortunately, severe aflatoxin-poisoning events were documented from different countries. First in India, 106 people died in 1974. This event was followed by 215 death in Kenya in 2004 and 100 deaths in Nigeria in 2005 [70,71] . In a study, it was observed that the exposure of 50 mg per day AFB1 via ingestion of contaminated maize resulted the aflatoxin-induced death in Kenya [72] .
In order to reduce aflatoxin content in animal food, different methods have been applied. The ammoniation process is one of the methods used in literature. Ammoniation can be done with gaseous ammonia or ammonium hydroxide solution under suitable conditions. Reduction of aflatoxin process was successful after cottonseed meal was treated by ammoniation for 30 minutes at 48 psi and 118ºC; aflatoxin concentration decreased to 1% of the initial concentration [73] . Another method is the roasting of contaminated feeds such as corn. Using this method, aflatoxin content was reduced up to 66% at 165ºC [74] .
Determination of aflatoxin species

Extraction of aflatoxin species from the matrix
In order to obtain more information about the toxicity of aflatoxin species in food stuffs, determination of different chemical forms should be performed in trace levels. Three steps namely extraction, separation and detection are crucial for the sensitive determination of each aflatoxin species. The extraction procedure is the most crucial step in the determination of aflatoxin species. In this step, all of the analytes of interest should be taken from matrix to the extraction solution without any alteration. The efficiency of extraction procedures depends on the sample matrix. There is a real need to develop the effective extraction methods to obtain higher extraction yields for all of the aflatoxin species in variety of matrices. Different analytical approaches have been used in the literature for this purpose. Liquid-liquid extraction with different solvent mixtures, solid-phase extraction, solidphase microextraction, pH-controlled solvent extraction, immunoaffinity column (for both clean-up and extraction) are some of the most commonly used methods in literature. Sheijooni-Fumani et al. used homogeneous liquid-liquid extraction for the extraction of aflatoxin B1 in the rice and grain samples. In the extraction method, 10 mL methanol/water (8:10) was used for 5 g of wellmilled samples. Extraction was performed for 30 min at 400 rpm on a mechanical shaker. In addition, 6 mL of 3% aqueous potassium bromide was used to obtain a cloudy solution resulted in dispersion of fine droplets of extraction solvent in aqueous phase [75] .
Prado et al. also used methanol-water mixture for the extraction of aflatoxin B1 from pepper (Piper nigrum L.) and oregano (Origanum vulgare L.). Recovery for aflatoxin B1 was higher than 72% with low RSD values (lower than 20%) [76] .
Aguilera-Luiz et al. compared the efficiencies of different extraction procedures for the simultaneous determination of mycotoxins and pesticides in milk samples by ultra high-performance liquid chromatography-tandem mass spectrometry. In this study, they used different extraction methods including solid-phase extraction, "dilute-and-shoot" (liquidliquid extraction-based procedures), and QuEChERS (quick, easy, cheap, effective, rugged, and safe)-based methods. Recoveries were found in the range 60-120% with relative standard deviations <25% [77] .
Santini et al. determined aflatoxins B1, B2, G1 and G2 and its metabolites, aflatoxins M1 and M2 in human serum by LC-MS/MS. In the extraction of the aflatoxins from human serum, subsequent pH-controlled solvent extractions were used. Recoveries in the range of 31 to 98% were obtained [78] .
Grio et al. applied sonication extraction by using an ACN/water mixture (80:20 v/v) followed by a clean-up step utilizing C(18) as sorbent for the determination of aflatoxins B1, B2, G1, G2 and ochratoxin A in animal feed by ultra high-performance liquid chromatographytandem mass spectrometry. In this study, recoveries for the analytes ranged from 84 to 113% with low RSD values (lower than 20%) [79] .
Nonaka et al. used automated on-line intube solid-phase microextraction coupled with liquid chromatography-mass spectrometry for the determination of aflatoxins (B1, B2, G1, and G2) in nuts, cereals, dried fruits, and spices. Recoveries of aflatoxin species spiked into nuts and cereals were found to be higher than 80% with the RSD <11.2% [80] .
Vega analyzed peanut butter samples for their aflatoxin (B1, B2, G1, and G2) contents. In the extraction, analytes were extracted by using 15% sodium chloride in methanol (7 + 3) solution followed by a second extraction with methanol. Recoveries of B1, B2, G1, and G2 for smooth peanut buffer were 95.2, 89.9, 94.1, and 62.4%, respectively, while recoveries for crunchy peanut butter were 92.4, 84.3, 85.5, and 53.7%, respectively [81] . Tabari et al. used 
Separation and detection of aflatoxins
High performance liquid chromatography (HPLC)
HPLC has been widely used in literature due to its high separation power, high sensitivity and reproducibility, ease to use, suitability for automation and ability to couple with different detectors [84] [85] [86] [87] . Although, both normal phase and reversed phased chromatography can be applied for the determination of aflatoxins, reversed phase setup is far more applied in literature due to the general advantages of reversed phase chromatography [88] [89] [90] [91] . Reversed phased separations mostly rely on C-18 columns and mobile phases consisting of wateracetonitrile-methanol in proper ratios. In one study, AFB1 content of peanut samples were measured by using C-18 columns but methanol was not added into acetonitrile-water mobile phase [61] . Tarin et al. was able to separate B1, B2, G1 and G2 aflatoxins on a 12 min chromatographic run by using an isocratic eluent consisting of water-acetonitrile-methanol (60:25:15, v/v) [92] . Khayoon et al. reported that use of mobile phase containing more than 70% (v/v) water decreases the sensitivity [93] .
Different detectors are applied for the detection of the eluted species. Among them, fluorescent detectors are the most popular one [94] [95] [96] [97] [98] . Aflatoxins B2 and G2 are naturally strong fluorescent molecules due to the high conjugation of their oxygenated structures, whereas aflatoxins B1 and G1 are weak fluorescent molecules. As a result, most of the studies use a pre-post column derivatization to enhance the fluorescent intensity hence the sensitivity of their analytical system. Dall'asta et al. studied the effect of native and substituted cyclodextrin (CD) derivatives on the fluorescent intensity of aflatoxins B1, B2, G1 and G2 [99] . They showed that presence of succinyl-β-CD (at molar ratio AF: CD= 1.0×10 6 ) enhances the fluorescence intensity about 63 and 53.9 folds for aflatoxins B1 and G1, respectively. However, enhancement factors are not greater than 2.3 for highly fluorescent B2 and G2 molecules. Another widely used florescent enhancement reagent is trifluoroacetic acid (TFA). TFA can convert the B1 and G1 molecules to their corresponding hemiacetal derivatives B2A and G2A whereas B2 and G2 are unaffected. Structures of B1, G1, B2A and G2A can be seen in Fig. 1 . TFA is a toxic and corrosive chemical and it may cause pre-derivatization. Hence, usage of TFA is not preferred in chemical analysis. However, Khayoon et al. used TFA solution mixed with n-hexane for pre-column derivatization in their study. Four types of aflatoxin species were determined after spiking procedure. The HPLC instrument which was used in this study had a fluorescence detector [93] . The chromatograms of one of the animal feed samples and sample with spiked aflatoxins are shown in Fig. 2 .
Another alternative is the use of bromine or iodine as post column derivatization agents. Both of the reagents are good oxidizing agents. Bromine is simply generated by mixing of the column eluent with potassium bromide and nitric acid. Application of a small electrical current, usually in the order of 100-200 mA, leads to the generation of free bromine. Generated bromine reacts with target molecules in a reaction coil whose dimensions are optimized to yield best fluorescent signal [90, [100] [101] [102] [103] . This setup is known as Kobra cell. Iodine derivatization includes mixing of the column eluent with elemental iodine in methanol [104] [105] [106] [107] [108] . The resultant mixture is heated in a reaction coil to complete the reaction. A detailed study on the derivatization of B1 and G1 using iodine was conducted by Holcomb et al. using thermospray mass-spectrometry [108] . O'Riordan and Wilkinson compared the derivatization of aflatoxin extracts of chilli spice using Kobra cell and direct iodine reaction [109] . According to the study, bromine derivatization yields better sensitivity and recovery values with shorter reaction times.
A new derivatization approach is the use of photochemical reactors. In this approach, simply the outlet of the HPLC is connected to UV permeable PTFE tubing and it is wrapped over a high intensity UV lamp [101, 103, 110, 111] . UV light irradiation generated hydroxyl radicals from water and these radicals react with B1 and G1 type aflatoxins to yield stable and highly fluorescent compounds [112] . It has several advantages over chemical derivatization procedures: it is simple, quick, and does not require external chemicals, pumps and heaters [112] . Just recently, Gnonlonfin et al. have used a photochemical reactor, too. In this study extracts were analyzed by reversed phase isocratic HPLC which has a fluorescence detector. Then, post column derivatization was performed by photochemical reactor for enhanced detection [113] .
Tandem mass detectors (MS/MS) gained popularity in recent years [114] [115] [116] [117] [118] . This system provides the determination at ultra-trace levels as well as providing structural information. It is also possible to perform multi mycotoxin analysis with one experimental setup [119] .
Several other detectors are also applied in aflatoxin quantification studies in literature. One class is the electrochemical detectors. Elizalde-González et al. developed an amperometric determination method for the determination of B1, B2, G1 and G2 [120] . Among 
Thin layer chromatography (TLC)
Although TLC has been largely replaced by HPLC and other techniques for the determination of aflatoxins due to lower sensitivity and reproducibility, TLC is still used by many scientists [6] . TLC is a fast, practical way of quantitative and semi-quantitative determination of aflatoxins in variety of matrices. Main advantages of TLC method are the fast analysis of several samples in a short period of time, low cost per sample analyzed and easy estimation of contamination levels [6, 123] . There are several approaches applied in the quantification process, mainly separated spots are exposed to UV light and either fluorescence intensity [124, 125] or absorbance [126] is measured. Another semi quantitative approach is the comparison of spot dimensions of extracted aflatoxins with standards [127] [128] [129] [130] . Reliability of this method is strongly dependent on the operator's experience.
Application of over pressured thin layer chromatography (OPTLC or OPLC), also called as high pressure thin layer chromatography (HPTLC), combined with densitometric measurements increased the popularity of the method [13, 131, 132] . However, with the development of more reliable methods, use of TLC is largely replaced by HPLC and enzyme linked immunosorbent assay methods.
Enzyme linked immunosorbent assay (ELISA)
Chromatographic methods require expensive instrumentation and expertise on the field of chromatography. ELISA as the immunoassay based sensors is another practical alternative for the determination of aflatoxin species. ELISA is a rapid and sensitive technique for routine analysis of food products that demands minimum sample cleanup. This method is suitable for quick and sensitive analysis with high sample throughput and low sample volume requirement [133, 134] . Although detection limits of ELISA is lower than instrumental techniques which are used for aflatoxin determination, matrix effect is a significant problem in immunoassay studies and affects the results [135] . Therefore, when it is compared with TLC and HPLC techniques, ELISA is less reliable if the sample has a complicated matrix. ELISA may produce false positives due to this matrix effects. In a study, the same matrix was analyzed by both ELISA and HPLC techniques and results from ELISA were found higher than that of HPLC [109] . This drawback of ELISA makes the usage of the method limited for some complex and invalidated matrixes [136] .
Problem can be arisen from the chemical structure of target compound. Since target compounds in ELISA is aflatoxin species rather than antigens, aflatoxin compounds with similar chemical group would also interact with the antibodies by causing interference [137] .
There are commercially available kits on the market for single use and many researchers use these kits for practical monitoring of aflatoxin levels [133, [138] [139] [140] [141] [142] [143] [144] . These kits can include monoclonal or polyclonal antibodies for aflatoxins [145] . The working principle is simple: a range of antibodies are arranged on a specifically designed plate or column. When the plate or column exposed to aflatoxins, epitopes of aflatoxins in the sample are recognized by the antibodies on the plate or column to form a complex. This complex then interacts with a chromogenic substrate and creates a signal in the form of electricity, light or other measurable parameters [6] .
The quality and stability of antibodies are the important parameters for the best performance of immunoassay. For the long-term storage, stability of the reagents has to be ensured. In order to do this, protein structure of the enzymes is modified. Modifications can be done by direct site mutagenesis, immobilization to solid-phase, applying chemical modifications or addition of stabilizing agent. For ELISA kits horseradish peroxidase (HRP) is the most widely used enzyme. Environment condition is the one factor that affects enzyme stability [135] .
Some of the examples where the common separation and detection techniques are used for the determination of aflatoxins can be seen in Table 4 . According to this table, when HPLC-FD is used, it is possible to determine AFB1, AFB2, AFG1 and AFG2 in the below parts of the μg kg -1 . Although recovery values were between 71.4 and 93% after solid-phase extraction with acetonitrile:water (9:1), purified on an immunoaffinity column, HPLC-FD technique that uses ODS column had higher sensitivity compared to C-18 column. In addition, HPLC-FD technique whether with the ODS or C-18 column has significantly lower detection limit compared to LC-DAD technique. While LOD values of HPLC-FD techniques were in µg kg -1 level that of the LC-DAD was in mg kg -1 level. Tandem MS systems have high sensitivity and they have been used mostly recently. When the sensitivity of LC-MS/MS was compared by considering the similar recovery values, HPLC-FD technique was better.
Lastly, for the determination of AFM1 specie, twodimensional TLC technique has high sensitivity despite extraction recovery which was 89.5% at maximum.
Conclusion
The health effect of aflatoxin species, their regulations in different countries, sample pretreatment and recent advances in the development of separation and detection methods have been summarized and discussed in this review. Aflatoxin species as mycotoxins of major significance are the natural contaminants for a variety of foodstuffs throughout the world and these compounds affect the both human and animal health. Due to the high toxicity of these compounds, there have been significant studies for practical detection methods. It is still impossible to apply a single technique for the detection of all aflatoxin species due to the big differences in the structures of aflatoxins. It is clear from the extent of the literature that interest in the seperation and detection technologies for aflatoxin species is likely to continue while many separation and detection methods have been used for aflatoxins in different matrices. Extraction of aflatoxin species having the different physical characteristics is one of the main challenges remaining for scientist in detection and determination. It is apparent that there is a real need for the development of extraction methods to obtain higher extraction yields for all of the aflatoxin species in variety of matrices.
